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the boosting circuits to the input terminal, and a control
circuit that controls a conduction state of the switching circuit
to vary the number of boosting circuits that are driven to
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FIG. 4
(“0” Write Operation)
10 BL

S~ VBL=0V
SG2 vsg —|L

WL3 Vpass —}|
Wi.2 Vpass —}]
WL Vpgm —{]
WLO  Vpass —{|

SG1 ov —f
VCELSRC =0V

$r d d bk bd b e

CELSRC



U.S. Patent May 3, 2016 Sheet 5 of 18 US 9,330,774 B2

SG2

WL3
WL2
WL 1
WLO
SG1

FIG 5
(Read Operation)

10 BL
S VBL=Vdd

VCELSRC =0V " CELSRC



U.S. Patent May 3, 2016 Sheet 6 of 18 US 9,330,774 B2

FIG. 6

{Frase Operation)}
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FIG. 9
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FIG. 10
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FIG. 11

—— w0 stage control
- w/  stage control

Power Efficiency [95]

N/s stage N/b stage N stage

Yoltage [V]



U.S. Patent May 3, 2016 Sheet 12 of 18 US 9,330,774 B2

FIG 12
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FIG. 14B
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FIG. 16
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1
SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-051850,
filed Mar. 14, 2014, the entire contents of which are incorpo-
rated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor memory device.

BACKGROUND

In a semiconductor memory device such as a NAND-type
flash memory, a boosting circuit generates voltages of various
levels according to operation types. In general, a nonvolatile
semiconductor memory device is provided with boosting cir-
cuits in a plurality of stages, and the boosting circuits of the
required number of stages are selectively driven according to
a required voltage level.

Recently, there has been a demand for lower power con-
sumption and lower current consumption in the semiconduc-
tor memory device. On the one hand, current consumption in
the semiconductor memory device is increasing according to
progress of making the semiconductor memory device highly
dense and miniaturized. In such a situation, it is important to
reduce a peak current in the semiconductor memory device.
In the boosting circuit, it is also important to reduce such a
peak current.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a configuration
of'a semiconductor memory device according to an embodi-
ment.

FIG. 2 is a diagram illustrating a configuration of a boost-
ing circuit according to the embodiment.

FIG. 3 is a diagram illustrating a relationship of data stored
in a memory cell and a threshold voltage.

FIG. 41s a diagram describing a voltage applied to a NAND
cell unit when a write operation is performed.

FIG. 5 is a diagram describing a voltage applied to the
NAND cell unit when a read operation is performed.

FIG. 6 is a diagram describing a voltage applied to the
NAND cell unit when an erase operation is performed.

FIG. 7 is a schematic circuit block diagram illustrating a
configuration of a voltage generation circuit.

FIG. 8 is a graph illustrating an effect of the present
embodiment.

FIG. 9 is a graph illustrating an effect of the present
embodiment.

FIG. 10 is a graph illustrating an effect of the present
embodiment.

FIG. 11 is a graph illustrating an effect of the present
embodiment.

FIG. 12 is a graph illustrating an effect of the present
embodiment.

FIG. 13 shows two graphs illustrating an effect of the
present embodiment.

FIG. 14A is a schematic circuit diagram illustrating a con-
figuration of the voltage generation circuit.

FIG. 14B is a schematic circuit diagram illustrating a con-
figuration of the voltage generation circuit.
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FIG. 15 is a circuit diagram illustrating a specific configu-
ration example of the voltage generation circuit.

FIG. 16 is a timing chart illustrating an operation of the
voltage generation circuit of FIG. 15.

FIG. 17 is a circuit diagram illustrating another specific
configuration example of the voltage generation circuit.

DETAILED DESCRIPTION

A semiconductor memory device according to the embodi-
ments allows a peak current of a boosting circuit to be
reduced.

In general, according to one embodiment, a semiconductor
memory device includes a memory cell array, a voltage gen-
eration circuit that generates a voltage applied to the memory
cell array, the voltage generation circuit including a plurality
of boosting circuits connected in series between an input
terminal and an output terminal, and a switching circuit con-
figured to short-circuit one or more of the boosting circuits to
the input terminal, and a control circuit that controls a con-
duction state of the switching circuit to vary the number of
boosting circuits that are driven to generate the voltage
applied to the memory cell array.

Next, a semiconductor memory device according to an
embodiment will be described in detail with reference to the
drawings.

FIG. 1 is a schematic diagram illustrating a configuration
of a semiconductor memory device according to an embodi-
ment. In the following description, a NAND-type flash
memory will be described as an example of the semiconduc-
tor memory device. However, a voltage generation circuit
according to the embodiment is not limited to the NAND-type
flash memory, and it should be understood that the voltage
generation circuit may be used in various semiconductor
memory devices.

As illustrated in FIG. 1, the NAND-type flash memory
includes a memory cell array 1, a sense amplifier circuit 2, a
row decoder 3, a controller 4, an input/output buffer 5, a ROM
fuse 6, and a voltage generation circuit 7. The controller 4
operates as a control unit for the memory cell array 1. The
memory cell array 1 includes NAND cell units 10 which are
arranged in a matrix. One of the NAND cell units 10 includes
a plurality of memory cells MC (MC0, MC1, . . ., MC31)
which are connected in series, and selective gate transistors
S1 and S2 which are connected to both ends of the NAND cell
unit 10. Although it is not illustrated in the drawings, one
memory cell MC may include a stacked gate-type configura-
tion. That is, the memory cell MC includes a floating gate
electrode as a charge storage layer which is formed on a gate
insulating film (a tunnel insulating film) formed between a
drain and a source, and a control gate electrode which is
formed on the floating gate electrode through an inter-gate
insulating film. The control gate electrode of the memory cell
MC in the NAND cell unit 10 is connected to word lines WL
(WLO0, WL1, ..., WL31)which are different from each other.

The source of the selective gate transistor S1 is connected
to a common source line CELSRC, and the drain of the
selective gate transistor S2 is connected to a bit line BL. The
gate electrodes of the selective gate transistors S1 and S2 are
connected to selective gate lines SG1 and SG2 which are in
parallel with the word lines WL, respectively. A set of
memory cells MC which share one word line WL constitutes
one page or a plurality of pages. When the memory cell MC
stores multi-valued data, or when control is performed by
switching between an even-numbered bit line and an odd-
numbered bit line, the set of the memory cells MC which
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share the one word line WL may constitute a plurality of
pages equal to 2 or more pages.

As illustrated in FIG. 1, a set of a plurality of NAND cell
units 10 which shares the word line WL and the selective gate
lines SG1 and SG2 constitutes a block BLK which is a unit of
erasing data. The memory cell array 1 is provided with a
plurality of blocks BLK (BLKO0, BLK1, ..., BLKn) in a
direction of the bit line BL.. The memory cell array 1 including
the plurality of blocks is formed in one cell well (CPWELL)
of a silicon substrate.

The bit line BL of the memory cell array 1 is connected to
the sense amplifier circuit 2 which includes a plurality of
sense amplifiers SA. The sense amplifiers SA constitute a
page buffer for retaining writing data by sensing reading data.
The sense amplifier circuit 2 includes a column selection gate.
The row decoder (including a word line driver WDRV) 3
selects and drives the word line WL and the selective gate
lines SG1 and SG2.

The input/output buffer 5 receives command data or
address data in addition to memory cell data between the
sense amplifier circuit 2 and an external input and output
terminal. The controller 4 receives an external control signal
such as a write enable signal WEn, a read enable signal REn,
an address latch enable signal ALE, and a command latch
enable signal CLE, and controls an entire memory operation.

Specifically, the controller 4 includes a command interface
or an address retention and transfer circuit, and determines
whether supplied data is the writing data or the address data.
According to a determination result, the writing data is trans-
ferred to the sense amplifier circuit 2, and the address data is
transferred to the row decoder 3 or the sense amplifier circuit
2. In addition, the controller 4 performs control such as
sequence control of a read operation, a write operation, or an
erase operation, and applied voltage control, based on the
external control signal.

The voltage generation circuit 7 generates a desired pulse
voltage based on a control signal from the controller 4. The
voltage generation circuit 7 generates various voltages which
are required for the write operation, the erase operation, and
the read operation.

Here, in the voltage generation circuit 7, a voltage genera-
tion circuit 7A which includes a plurality of boosting circuits
BC for generating a voltage is provided. The voltage genera-
tion circuit 7A generates a voltage which is required for the
operation by operating a charge pump provided in the boost-
ing circuit BC. As the charge pump, for example, a configu-
ration as illustrated in FIG. 2 is used. The charge pump is a
circuit in which one end of a capacitor C is connected to each
stage of serially connected diodes D (transfer transistors), and
the other end of the capacitor Cis supplied with a clock signal.
A potential of the other end of the capacitor C is controlled
based on the clock signal, and according to the controlled
potential of the other end of the capacitor, the potential of the
one end side of the capacitor connected to the diode D
increases. The charge pump generates a boost voltage by
repeating the potential control operation. The plurality of
boosting circuits BC including such a charge pump are seri-
ally connected as described below, and constitute the voltage
generation circuit 7A, thereby allowing a high voltage to be
generated. In addition, in the voltage generation circuit 7, a
voltage detecting circuit 7B for detecting an output voltage
(Vout) level generated by the boosting circuit BC is provided.
Furthermore, the boosting circuit of FIG. 2 illustrates a circuit
which configures the diode D by making the transfer transis-
tor to be a diode-connected transistor. In a case of this circuit
mode, a voltage to be transferred to the next stage of the diode
D (the transfer transistor) is a value (a threshold-subtracted
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value) which is lowered by a threshold voltage of the transfer
transistor. The boosting circuit with a small number of stages
is less affected by the subtracted threshold, and such a circuit
mode is not suitable for the boosting circuit with a large
number of stages. For the boosting circuit with a large number
of'stages in which the obtained output voltage level is high, a
circuit mode in which a voltage level enabling the threshold
voltage of the transfer transistor to be cancelled is applied to
the gate is general. In this disclosure, the latter circuit mode is
adopted, but the former circuit mode which is able to simply
illustrate a fundamental mode of the boosting circuit is illus-
trated in FIG. 2.

FIG. 3 is a diagram illustrating a relationship of data stored
in the memory cell MC and a threshold voltage. When binary
data is stored, a case where the memory cell MC includes a
negative threshold voltage is defined as “1” cell retaining
logic “1” data, and a case where the memory cell MC includes
a positive threshold voltage is defined as “0” cell retaining
logic “0” data. An operation for setting the memory cell MC
in a “1” data state is the erase operation, and an operation for
setting the memory cell MC in a “0” data state is the write
operation.

Write Operation

FIG. 4 is a diagram describing a voltage applied to the
NAND cell unit 10 when a write operation is performed. The
write operation is performed in units of a page. During the
write operation, a writing pulse voltage Vpgm (approxi-
mately 10 V to 25 V) is applied to the selected word line
(WL1) in the selected block BLK. In addition, a middle
voltage Vpass (approximately 5V to 15 V) is applied to the
unselected word lines (WL0, WL2, WL3, ... ), and a voltage
Vsg is applied to the selective gate line SG2.

Prior to the write operation, the bit line BL. and the NAND
cell unit 10 are pre-charged according to the writing data.
Specifically, when “0” data is written, OV is applied to the bit
line BL from the sense amplifier circuit 2. The bit line voltage
is transferred to a channel of the memory cell MC connected
to the selected word line WL1 through the selective gate
transistor S2 and the unselected memory cell MC. Accord-
ingly, under conditions of the write operation described
above, an electrical charge is injected to the floating gate
electrode from the channel of the selected memory cell MC,
and the threshold voltage of the memory cell MC is shifted to
a positive side (“0” cell).

When “1” data is written (that is, “0” data is not written in
the selected memory cell MC, no writing), a voltage Vdd is
applied to the bit line BL. After the bit line voltage Vdd is
lowered by a value of the threshold voltage of the selective
gate transistor S2 and transferred to the channel of the NAND
cell unit, the channel is in a floating state. Therefore, when the
writing pulse voltage Vpgm or the middle voltage Vpass
described above is applied, the channel voltage increases by a
capacitance coupling, and the electrical charge is not injected
to the floating gate electrode. Accordingly, the memory cell
MC retains “1” data.

Read Operation

FIG. 5 is a diagram describing a voltage applied to the
NAND cell unit 10 when a read operation is performed. The
data read operation provides a reading voltage 0V to the word
line WL (the selected word line WL1) to which the selected
memory cell MC of the NAND cell unit 10 is connected. In
addition, a reading pulse voltage Vread (approximately 3 V to
8 V) is applied to the word lines WL (the unselected word
lines WL.O, WL2, WL3, .. .) to which the unselected memory
cell MC is connected. At this time, the sense amplifier circuit
2 detects whether or not a current flows through the NAND
cell unit 10, and determines the data.



US 9,330,774 B2

5

Erase Operation

FIG. 6 is a diagram describing a voltage applied to the
NAND cell unit 10 when an erase operation is performed. The
erase operation is performed in units of a block. As illustrated
in FIG. 6, in the erase operation, an erasing voltage Vera
(approximately 10 V to 24 V) is applied to the cell well
(CPWELL), and 0V is applied to the entire word lines WL in
the selected block. The electrical charge of the floating gate
electrode of each of the memory cells MC is drawn into the
cell well side by a FN tunnel current, and the threshold volt-
age of the memory cell MC decreases. At this time, in order
not to break gate oxide films of the selective gate transistors
S1 and S2, the selective gate lines SG1 and SG2 are in the
floating state. In addition, the bit line BL and the source line
CELSRC are also in the floating state.

As illustrated in FIG. 7, the voltage generation circuit 7 is
provided with a plurality of (for example, N) boosting circuits
BC(i) (i=1 to N), and these boosting circuits BC (i) are con-
nected in cascade between an input voltage terminal N1 to
which an input voltage Vin is input and an output voltage
terminal N2. Since each of the plurality of boosting circuits
BC is provided with the ability to boost the voltage, and N
boosting circuits BC are connected in cascade, the output
voltage Vout can be increased to a value which is approxi-
mately proportional to the number N rather than the input
voltage Vin.

However, when the input voltage Vin is boosted, there is a
problem in which constantly driving the N boosting circuits
BC at the same time causes current consumption to be
increased and power efficiency to be decreased.

FIG. 8 illustrates a relationship between the number of
boosting circuits BC to be connected in cascade and voltage-
current characteristics. As the number of boosting circuits BC
to be connected in cascade increases, an output current lout
obtained at the same output voltage Vout increases.

In addition, FIG. 9 illustrates a relationship between the
number of boosting circuits BC to be connected in cascade
and voltage-power efficiency characteristics. It is found that a
value of the output voltage Vout by which maximum power
efficiency is obtained is changed according to the number of
boosting circuits BC to be connected in cascade.

Therefore, in the voltage generation circuit 7 according to
the present embodiment, it is possible to adopt a configuration
of increasing the number of boosting circuits BC to be driven
within a period in which the output voltage Vout of the output
terminal N2 increases. For example, as illustrated in FIG. 7,
immediately after starting a boost operation, only N/a boost-
ing circuits BC of the N boosting circuits are driven. As the
boost operation proceeds, the number of boosting circuits BC
to be driven increases to N/b (b<a), and to N. The N/a boost-
ing circuits BC are N/a boosting circuits BC of the output
voltage terminal N2 side, and the N/b boosting circuits BC are
N/b boosting circuits BC of the output voltage terminal N2
side.

For this reason, the input voltage terminal N1 is short-
circuited from the input terminal of heads of rows of the N/a
and the N/b boosting circuits BC to be driven by switching
circuits SW (SW1, SW2). When the entire N boosting circuits
are driven, the entire switching circuits SW are maintained in
a non-conduction state. Furthermore, although FIG. 7 exem-
plarily illustrates a case where the number of switching cir-
cuits SW is 2, the number of switching circuits SW is not
limited to 2, and may be equal to 3 or more.

Thus, an effect of a case where the number of boosting
circuits BC to be driven gradually increases is described in
FIG. 10 and FIG. 11. When the entire N boosting circuits BC
are operated immediately after starting the boost operation
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(w/o stage control), although the high output current lout is
obtained as illustrated in a graph of FIG. 10 in a stage where
the output voltage Vout is still low, the power efficiency
decreases as illustrated in a graph of FIG. 11.

On the other hand, when the number of boosting circuits
BC to be operated gradually increases as in this embodiment
(w/ stage control), although the output current Iout slightly
decreases as illustrated in the graph of FIG. 10, it is possible
to maintain the power efficiency at a high level even in a stage
where the output voltage Vout is still low.

FIG. 12 describes an operational example of the voltage
generation circuit 7 when the output voltage Vout is gener-
ated. The output voltage Vout of the voltage generation circuit
7 increases to a predetermined voltage, for example, when
setup is performed from a reset state. At this time, the entire N
boosting circuits BC ofthe voltage generation circuit 7 are not
driven at the same time after starting power activation, but the
number of boosting circuits BC to be driven increases, for
example, to N/a, to N/b, and to N in a phased manner. There-
fore, itis possibleto obtain the effect illustrated in FIG. 10 and
FIG. 11. In addition, it is possible to perform the same opera-
tion not only when the setup is performed but also when
various wirings (such as a word line) are charged, for
example.

FIG. 13 illustrates a temporal transition of the output volt-
age Vout and current consumption Icc in a practical voltage
generation circuit 7. In graph (A) and graph (B) of F1IG. 13, a
dot-lined graph indicates a case where the N boosting circuits
BC are constantly operated, and a solid-lined graph indicates
a case where the operation according to this embodiment is
performed. Regarding the output voltage Vout, a large change
is not observed in both graphs, but regarding the current
consumption Icc, it is found that a peak value of the current
consumption Icc is restrained by the operation of this embodi-
ment.

In the voltage generation circuit 7, the voltage detecting
circuit 7B detects the change of the output voltage Vout of the
output voltage terminal N2, for example, as illustrated in FIG.
14A, so that based on a detection result thereof, switch deter-
mination and control of the number of boosting circuits BC to
be concurrently operated are able to be performed through the
controller 4 (the switching circuit SW is not illustrated in FIG.
14A). In an example of FIG. 14 A, the voltage detecting circuit
7B includes a voltage-dividing resistor 71 and a comparator
72, and performs the switch control in the controller 4 based
on a comparison result of the comparator 72.

In addition, it is possible to perform the switch control
described above by measuring a time taken from inputting a
predetermined control signal or by delaying the control signal
by a delay circuit, in addition to or instead of the detection of
the output voltage Vout. FIG. 14B includes a delay circuit4A
in addition to the voltage detecting circuit 7B (the switching
circuit SW is not illustrated in FIG. 14B). The delay circuit
4 A generates a delay signal SETUP_DLY by delaying a con-
trol signal SETUP which indicates the start of the boost
operation for a predetermined time according to a clock sig-
nal CLK. The control circuit 4 may perform the switch control
described above according to the delay signal SETUP_DLY.

FIG. 15 illustrates a specific configuration example of a
device including the voltage detecting circuit 7B and the
delay circuit 4A as illustrated in FIG. 14B. Here, an example
in which the number of boosting circuits BC is 6, and the
number of switching circuits SW is 2 (SW1, SW2) is illus-
trated.

In the configuration example of FIG. 15, as a circuit for
driving the boosting circuit BC, drivers 7¢(1) to 7¢(3) are
provided in the voltage generation circuit 7. Here, an example
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in which the driver 7¢(1) drives the boosting circuits BC(1)
and BC(2), the driver 7¢(2) drives the boosting circuits BC(3)
and BC(4), and the driver 7¢(3) drives the boosting circuits
BC(5) and BC(6) is illustrated. The driver 7¢(1) controls the
boosting circuits BC(1) and BC(2) according to a clock signal
PMPCLK_1 supplied from the control circuit 4, the driver
7¢(2) controls the boosting circuits BC(3) and BC(4) accord-
ing to a clock signal PMPCLK_2 supplied from the control
circuit 4, and the driver 7¢(3) controls the boosting circuits
BC(5) and BC(6) according to a clock signal PMPCLK_3
supplied from the control circuit 4.

Thus, in the embodiment, a configuration in which one
driver 7¢(i) switches a plurality of (in this example, 2) boost-
ing circuits BC from an inactivated state to an activated state
according to an enable signal ENBI is adopted. According to
the configuration, it is possible to decrease the number of
drivers, and to reduce a circuit area. In this regard, it is
possible to adopt a configuration in which one driver 7¢(i)
controls a single boosting circuit BC.

In addition, the respective boosting circuits BC are acti-
vated when the enable signals ENB1 to ENB3 supplied from
the control circuit 4 are “H”, and the operation starts. The
boosting circuits BC(1) and BC(2) receive the enable signal
ENBI1, the boosting circuits BC(3) and BC(4) receive the
enable signal ENB2, and the boosting circuits BC(5) and
BC(6) receive the enable signal ENB3.

In addition, the switching circuits SW1 and SW2 are con-
figured to be switched between a conduction state (ON) and a
non-conduction state (OFF) by inputting control signals
SW_ENB1 and SW_ENB2 from the control circuit 4, respec-
tively.

Next, an operational example of a circuit in FIG. 15 will be
described with reference to a timing chart in FIG. 16. At time
t1, when the control signal SETUP increases to “H”, the
enable signal ENB3 and the control signal SW_ENBI1 also
increase to “H” at substantially the same time, so that only the
boosting circuits BC(5) and BC(6) are activated, and the other
boosting circuits BC(1) to BC(4) are still in the inactivated
state. Furthermore, the switching circuit SW1 is switched to
the conduction state, so that the activated boosting circuits
BC(5) and BC(6) are connected between the input voltage
terminal N1 and the output voltage terminal N2.

After that, at time t2, the signal SETUP_DLY in which the
control signal SETUP is delayed for a predetermined time by
the operation of the delay circuit 4A increases to “H”. The
control circuit 4 causes the enable signal ENB2 and the con-
trol signal SW_ENB2 to increase to “H” by receiving the
delay signal, and the control signal SW_ENB1 to be lowered
to “L”. Therefore, the transition of the boosting circuits BC(3)
to BC(6) to the activated state is performed, and the switching
circuit SW2 is switched to the conduction state instead of the
switching circuit SW1.

After that, at time t3, the comparison circuit 72 detects that
the output voltage Vout goes up to a value which is several V
smaller than a target value, and a flag signal FL.G becomes
“H”. The control circuit 4 switches the enable signal ENB1 to
“H” and the control signal SW_ENB2 to “L” by receiving the
flag signal. Therefore, the transition of the entire boosting
circuits BC(1) to BC(6) to the activated state is performed,
and the switching circuits SW1 and SW2 are concurrently in
the non-conduction state. Accordingly, the entire boosting
circuits BC(1) to BC(6) are in a state of contributing to the
boost operation.

FIG. 17 illustrates a specific configuration example of a
device including only the voltage detecting circuit 7B without
including the delay circuit 4A as illustrated in FIG. 14A.
Instead of the delay circuit 4A, the comparison circuit 72
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includes 2 comparators 72A and 72B, and outputs 2 types of
flag signals FLLG1 and FL.G2. The control circuit 4 switches
logic of the enable signals ENB1 to ENB3 and the control
signals SW_ENB1 and SW_ENB2 according to the flag sig-
nals FLG1 and FLG2.

Effects

As described above, according to this embodiment, since
the number of drives of the plurality of boosting circuits BC
increases according to a procedure of the boost operation, it is
possible to reduce the peak current of the current consump-
tion in the boosting circuit BC. In addition, at the same time,
itis possibleto effectively operate the boosting circuit. At this
time, the input voltage terminal N1 and the boosting circuit
BC during driving are connected by the switching circuit,
thereby allowing the output voltage terminal N2 to be con-
stantly fixed.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A semiconductor memory device comprising:

a memory cell array;

a voltage generation circuit configured to generate a volt-
age applied to the memory cell array, the voltage gen-
eration circuit including a plurality of boosting circuits
connected in series between an input terminal and an
output terminal, and a switching circuit configured to
short-circuit one or more of the boosting circuits to the
input terminal; and

a control circuit configured to boost a voltage output from
the output terminal at a first slope during a first period
and to boost the voltage output from the output terminal
at a second slope during a second period, the first slope
being different from the second slope.

2. The device according to claim 1, wherein the control
circuit is configured to control a conduction state of the
switching circuit to vary the number of boosting circuits that
are driven to generate the voltage applied to the memory cell
array, and the switching circuit includes a first switch con-
nected in parallel to a first group of boosting circuits between
the input terminal and a first intermediate node, the first
intermediate node being located between the input terminal
and the output terminal.

3. The device according to claim 2, wherein the switching
circuit includes a second switch connected in parallel to a
second group of boosting circuits that includes the first group
of' boosting circuits between the input terminal and a second
intermediate node, the second intermediate node located
between the first intermediate node and the output terminal.

4. The device according to claim 1, further comprising:

a voltage detecting circuit configured to detect a voltage
level at the output terminal,

wherein the control circuit increases the number of boost-
ing circuits to be driven according to a detection result of
the voltage detecting circuit, and

wherein the control circuit is configured to control a con-
duction state of the switching circuit to vary the number
of boosting circuits that are driven to generate the volt-
age applied to the memory cell array.
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5. The device according to claim 4,

wherein the control circuit controls the conduction state of
the switching circuit according to the detection result of
the voltage detecting circuit.

6. The device according to claim 1, further comprising:

a delay circuit configured to delay an input control signal,

wherein the control circuit increases the number of boost-
ing circuits to be driven based on a signal output from the
delay circuit, and

wherein the control circuit is configured to control a con-
duction state of the switching circuit to vary the number
of boosting circuits that are driven to generate the volt-
age applied to the memory cell array.

7. The device according to claim 6,

wherein the control circuit controls the conduction state of
the switching circuit based on the signal output from the
delay circuit.

8. A semiconductor memory device comprising:

a memory cell array;

a voltage generation circuit configured to generate a volt-
age applied to the memory cell array, the voltage gen-
eration circuit including a plurality of boosting circuits
connected in series between an input terminal and an
output terminal, and a plurality of switches, each of
which has a first end connected to the input terminal and
a second end connected to an intermediate node that is
between two of the boosting circuits; and

a control circuit configured to boost a voltage output from
the output terminal at a first slope during a first period
and to boost the voltage output from the output terminal
at a second slope during a second period, the first slope
being different from the second slope.

9. The device according to claim 8, wherein one or more of
the boosting circuits that are between the intermediate node
and the output terminal are driven to generate the voltage
applied to the memory cell array regardless of the conduction
state of the switches.

10. The device according to claim 8, wherein the control
circuit is configured to control a conduction state of the
switching circuit to vary the number of boosting circuits that
are driven to generate the voltage applied to the memory cell
array, and the switches includes a first switch connected in
parallel to a first group of boosting circuits between the input
terminal and a first intermediate node, the first intermediate
node being located between the input terminal and the output
terminal.

11. The device according to claim 10, wherein the switches
includes a second switch connected in parallel to a second
group of boosting circuits that includes the first group of
boosting circuits between the input terminal and a second
intermediate node, the second intermediate node located
between the first intermediate node and the output terminal.

12. The device according to claim 8, further comprising:

a voltage detecting circuit configured to detect a voltage
level at the output terminal,

wherein the control circuit increases the number of boost-
ing circuits that are driven according to a detection result
of the voltage detecting circuit, and

wherein the control circuit is configured to control a con-
duction state of the switching circuit to vary the number
of boosting circuits that are driven to generate the volt-
age applied to the memory cell array.
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13. The device according to claim 12,
wherein the control circuit controls the conduction state of
the switches according to the detection result of the
voltage detecting circuit.
14. The device according to claim 8, further comprising:
a delay circuit configured to delay an input control signal,
wherein the control circuit increases the number of boost-
ing circuits that are driven based on a signal output from
the delay circuit, and
wherein the control circuit is configured to control a con-
duction state of the switching circuit to vary the number
of boosting circuits that are driven to generate the volt-
age applied to the memory cell array.
15. The device according to claim 14,
wherein the control circuit controls the conduction state of
the switches based on the signal output from the delay
circuit.
16. A voltage generation method for a memory cell array of
a semiconductor memory device, the method comprising:
driving a first group of boosting circuits connected in series
between an input terminal and an output terminal during
a first period;
driving a second group of boosting circuits connected in
series between the input terminal and the output terminal
during a second period after the first period, the second
group of boosting circuits including the first group of
boosting circuits;
driving a third group of boosting circuits connected in
series between the input terminal and the output terminal
during a third period after the second period, the third
group of boosting circuits including the first and second
groups of boosting circuits, and
boosting a voltage output from the output terminal at a first
slope during the first period and boosting the voltage
output from the output terminal at a second slope during
a second period, the first slope being different from the
second slope,
wherein one or more of the boosting circuits is coupled to
a switching circuit that is configured to short-circuit the
one or more of the boosting circuits to the input terminal.
17. The method according to claim 16, wherein the first
group of boosting circuits is driven in response to an input
control signal.
18. The method according to claim 17, further comprising:
detecting a voltage level at the output terminal, and
controlling a conduction state of the switching circuit to
vary the number of boosting circuits that are driven to
generate the voltage applied to the memory cell array,
wherein the second group of boosting circuits is driven
when the voltage level is greater than a first voltage level,
and the third group of boosting circuits is driven when
the voltage level is greater than a second voltage level
that is higher than the first voltage level.
19. The method according to claim 17, further comprising:
delaying the input control signal, and
controlling a conduction state of a switching circuit to vary
the number of boosting circuits that are driven to gener-
ate the voltage applied to the memory cell array,
wherein the second group of boosting circuits is driven
based on the delayed input control signal.
20. The method according to claim 16, further comprising:
detecting a voltage level at the output terminal,
wherein the third group of boosting circuits is driven when
the voltage level reaches a predetermined voltage level.
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